Air pollution is a widespread environmental concern. Considerable epidemiological evidence indicates air pollution, particularly particulate matter (PM), as a major risk factor for cardiovascular diseases (CVD) in the developed countries. The main objective of our review is to assess the levels and sources of PM across the Middle East area and to search evidence for the relationship between PM exposure and CVD. An extensive review of the published literature pertaining to the subject (2000-2013) was conducted using PubMed, Medline and Google Scholar databases. We reveal that low utilization of public transport, ageing vehicle fleet and the increasing number of personal cars in the developing countries all contribute to the traffic congestion and aggravate the pollution problem. The annual average values of PM pollutants in the Middle East region are much higher than the World Health Organization 2006 guidelines (PM 2.5 = 10 μg/m 3 , PM 10 = 20 μg/m 3 ). We uncover evidence on the association between PM and CVD in 4 Middle East countries: Iran, Kingdom of Saudi Arabia, Qatar and the United Arab Emirates. The findings are in light of the international figures. Ambient PM pollution is considered a potential risk factor for platelet activation and atherosclerosis and has been found to be linked with an increased risk for mortality and hospital admissions due to CVD. This review highlights the importance of developing a strategy to improve air quality and reduce outdoor air pollution in the developing countries, particularly in the Middle East. Future studies should weigh the potential impact of PM on the overall burden of cardiac diseases.
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MATERIAL AND METHODS
This is a comprehensive review of the literature from the period extending from 2000 till 2013. It includes reports, scientific studies, books, reviews, international conferences and other literature resources concerning PM levels, its sources and its association with CVD in the Middle East countries. Further details are presented in Figure 1 . Literature search was performed by means of electronic databases (Pubmed, Medline, and Google Scholar) and by manual search for all the relevant references in the literature using a combination of keywords such as: air pollution, particulate matter, PM, cardiovascular disease, CVD, myocardial infarction, MI, heart rate variability, atherosclerosis, Middle East, Bahrain, Egypt, Iran, Iraq, Jordan, Kuwait, Lebanon, Oman, Palestine, Qatar, Saudi Arabia, Syria, Turkey, United Arab Emirates and Yemen. The keywords were combined using the Boolean operators "or" and "and." Bibliography lists from all the eligible articles were also searched manually to identify and supplement additional papers potentially relevant for inclusion. All the studies evaluating the mean concentrations of PM and investigating association between PM and CVD in the Middle East were included. The studies which were not carried out on human subjects or not drafted in English were excluded.
Findings
Influenced by photochemical air pollution [44] and dust storm activities [45, 46] , the Middle East is currently encountering a serious environmental problem. The major contributors to the outdoor air pollution in this region are: anthropogenic activities, which are constantly increasing due to the rapid growth in urban populations, and expansion of industrial sites [47] . In fact, PM levels in the Eastern Mediterranean region are much higher than in other regions, even when compared to the Western Mediterranean region [48] . Although there is enough evidence on the association between the outdoor patients [29] , a greater increase in the rate of hospital admissions due to exacerbation of congestive heart failure [30] as well as to cardiovascular and respiratory diseases [31] . While considerable epidemiological evidence indicates outdoor air pollution, principally PM, as a major risk factor for CVD in the developed countries [4, 6, 32] , there is limited research on this association in the developing countries, especially in the Middle East region. The main objective of our comprehensive article review is to assess the levels and sources of PM across this geographic area and to search evidence for the relationship between PM exposure and CVD whenever literature pertaining to the subject is available.
Biological mechanism linking PM with CVD
The diverse biological pathways through which inhalation of PM into the lungs could be capable of triggering unfavorable effects on the cardiovascular system constitute the major issue to be addressed. The ultrafine particles and/or soluble PM constituents may rapidly enter pulmonary alveoli of the lungs after inhalation and, subsequently, pass into the systemic blood circulation imposing its adverse inflammatory effects on the cardiovascular system. Another alternative pathway suggests that, following their inhalation, PM particles induce a pulmonary oxidative stress effect that might trigger systematic prooxidative and pro-inflammatory chain reactions and the release of pro-inflammatory mediators, activated leucocytes, cytokines (e.g., interleukin-6) and C-reactive protein from the pulmonary to the systemic circulation. These chemicals and pro-inflammatory mediators might, in turn, indirectly trigger adverse cardiovascular events summarized by endothelial dysfunction, cardiovascular oxidative stress, cardiovascular inflammation, acute myocardial infarctions, cardiac heart failure and chronic atherosclerosis [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] .
IJOMEH 2015;28(4)
644 of rain and city layout characterized by narrow streets and tall buildings cause poor dispersion of pollutants over Cairo [49] . According to WHO, PM is the most common air pollutant in urban and industrial areas in Egypt [53] . In fact, almost 36% of atmospheric PM 2.5 is attributed to onroad traffic where more than 1 million cars, particularly older ones with poor technical specifications, circulate on the roads of Cairo. Other sources, namely open burning and residential combustion, contribute mainly to the remaining 54% of atmospheric PM 2.5 [49] . Zakey has presented the mass concentrations of PM 2.5 and PM 10 and exposed their seasonal variations from samples collected at 17 different sites, representing urban, industrial, residential and background (with a significant agriculture activity) sectors in the Greater Cairo (GC) over the period 2001-2002. air pollution and CVD in the developed countries, the studies investigating this association in the Middle East are rather limited. Our findings enabled to point out only selected countries of the Middle East in this article review.
Outdoor PM levels, sources of air pollution and the association with CVD in the Middle East Egypt Cairo, the capital of Egypt with more than 15 million population [49], suffers from high concentrations of ambient pollutants, including: carbon monoxide, nitrogen oxides, sulfur dioxide, ozone and PM [50, 51] . The phenomenon of thermal inversion further facilitates accumulation of atmospheric air pollutants emitted from different sources due to the slow wind movement and low temperature during cold seasons in Egypt [52] 
Iran
The capital city of Iran -Tehran -is one of the worst cities in the world in terms of air pollution. About 1.5 million tons of pollutants from different sources, particularly suspended particles, are produced in Tehran annually [58, 59] . One major factor contributing to the air pollution is the highly populated city of Tehran where around 13% (9 millions) of the total country's population lives, and where emissions from motor vehicles are responsible for the 70% of air pollution in this city. Temperature inversion is another factor contributing to air pollution, particularly in cold seasons [60] . During these seasons, PM as the major air pollutant of Tehran's air is increased [61] . The annual average of PM 10 [54] .
A study conducted in 2010 compared the mass and number concentrations of PM 10 , PM 2.5 , and PM 1.0 in the westcentral parts of Tehran during 2 consecutive warm and cold seasons. This study has shown that, in cold seasons, the PM 10 mass concentration increased almost 2 folds and PM 2.5 and PM 1.0 nearly 3 times. The mean number concentration of these particles was found to be almost 4.8 times in the same season [61] . This could be attributed to the Tehran's geographical position being edged by mountains from the north, and to the fact that the wind is cold and slow, which makes air pollutants become trapped over Tehran [61] [62] [63] .
A major finding of the study by Poursafa et al. in 2010 suggested PM to have impact on the platelet activation and atherosclerosis, which are associated with CVD [64] .
In the same year, Davoodi et al. [65] examined the association between changes in the heart rate variability and exposure to air pollution in Tehran. During air pollution episodes, the maximum heart rate was significantly lower as compared to the clear air conditions [68] .
Kingdom of Saudi Arabia
Air pollution in the Kingdom of Saudi Arabia has recently become a public health concern due to the rapid population growth and the increased economic expansion associated with fuel over-consumption. According to Khodeir et al. [70] , there is no published systematic research on the sources of atmospheric PM in Jeddah, the 2nd largest city and the most significant commercial center in the Kingdom of Saudi Arabia, with an estimated population of 3.4 million. Desert storms are frequent in Jeddah and contribute to the most of PM in this area [70] .
A study was conducted between June and September 2011 to evaluate mass concentrations of PM 2.5 and PM 10 and their sources in multiple sites in Jeddah using the nondestructive X-ray Fluorescence (XRF) Spectrometer [71] .
The results have revealed that the airborne particulate pollution was high in this city, and that the major sources of PM 2.5 or PM 10 included diverse industrial activities, fuel combustion and traffic emissions. ). The occurrence of non-sustained supraventricular tachycardia, as a marker of cardiac dysfunction, was recorded in almost 43% of the participants during the polluted air conditions, whereas this arrhythmia was not reported during the non-polluted conditions (p = 0.001) [65] . A major aspect in the development of early-life atherosclerosis is the relationship of air pollution with endothelial dysfunction and pro-coagulation effect. A cross-sectional study was conducted between 2009 and 2010 in Isfahan, one of the largest cities of Iran, to assess the relationship of air pollutants with plasma surrogate markers of endothelial dysfunction tissue factor (TF) and thrombomodulin (TM) in children. The observed mean PM 10 . On average, 1367 extra total deaths and 2580 extra cases admitted to hospitals due to CVD annually were attributable to the increase by 10 μg/m 3 in PM 10 levels [63] .
Jordan
Air pollution in Jordan has become an increasing problem since the past 2 decades. This is partly attributed to the rapid growth of the Jordanian population where about 40% of the total inhabitants live in the capital Amman [68] . Nevertheless, the major source of air pollution in Amman is During the same period, Al Salem [77] analyzed the ambient PM 10 levels in Fahaheel, a typical urban area in Kuwait, using the semi-empirical model described by Grivas et al. [78] . The annual mean concentration was 291 and 289 μg/m 3 in 2004 and 2005, respectively [77] .
It was also mentioned in the published literature that so far there has been no specific study that would explore the link between deteriorating air quality and health problems in Kuwait [79] .
Lebanon
Lebanon, a small developing country located in the Eastern Mediterranean region, experiences high pollution episodes mainly attributed to vehicle-induced emissions. This situation is further aggravated by the rapid growth of population, the old-aged vehicles operating on gasoline, and the lack of a public transport system [45, [80] [81] [82] [83] [84] [85] . Furthermore, dust storms originating from the Saharan desert influence Lebanon during the fall and spring seasons, which leads to the increase in coarse air pollutants [84] [85] [86] . Higher levels of fine particulates are also observed in the summer due to the increased humidity and photo-chemically induced secondary PM [84] . Shaka et al. [87] 3 ) where mixed industrial activities, mostly ceramic, cement and stone cutting, were the major sources contributing to the local dust. According to this study, it was obvious that the environment of Riyadh was severely polluted [72] . A recent paper by Sun et al. in 2012 has found that more than 1.5-fold significant changes in genes related to oxidative stress, cholesterol and lipid synthesis pathways were triggered following the short-(1 day) and longterm (4-days) exposure of human bronchial epithelial cells to PM 10 samples collected from the Kingdom of Saudi Arabia. These changes may contribute to respiratory diseases and CVD related to PM [73] .
Kuwait
The environment of Kuwait, a desert country located on the Persian Gulf, was severely polluted from the 1990-1991 due to Iraqi invasion and subsequent oil fires [74] . Alolayan et al. have investigated other sources contributing to particulate air pollution in this country. Sand dust and oil combustion power plants were the first 2 major sources contributing to fine particles PM 2.5 in Kuwait accounting for almost 54% and 18% of the total atmospheric PM 2.5 , respectively. Meanwhile, the petrochemical industry, traffic and transported emissions from the outside of this country contributed to the remaining 28% of the total PM 2.5 [75] . to 31 μg/m 3 in 2009 [94] . Nevertheless, in the capital Doha, the average PM 10 levels in 2010 at some points exceeded the annual limit recommended by WHO [54] as a result of the combination of dust from desert storms and megaconstructions activities [94, 95] . A prospective cohort study population was conducted to assess the relationship between daily hospital admissions due to respiratory and CVD and the exposure to daily concentrations of air pollutants -carbon monoxide (CO), sulfur dioxide (SO 2 ), nitrates, ozone ( The slight increase observed in the concentrations of these air pollutants in the year 2005 was consistent with a similar increase in the daily hospital admissions due to respiratory, ischemic heart diseases and CVD. It is apparent from this study that the rise in pollutant levels was associated with an increased hospital admissions for both respiratory diseases and CVD [93] . 
Syria
United Arab Emirates
Outdoor air pollution is an increasing problem in the United Arab Emirates (UAE), a place of common and severe dust storms and a home to large industries, where deteriorating air quality can be easily detected through the degraded visibility [106] . The rapidly growing population in the UAE reflected by its increase in size from less than 400 000 to nearly 4.4 million is yet another environmental concern [107, 108] . The 2 major urban cities, Abu Dhabi and Dubai, contribute to massive vehicular emissions and traffic congestion [106] . These 2 centers experience extremely high PM concentrations, particularly PM 10 that originates mainly from windblown desert dust [109] In this review, the results from these countries were presented in light of the international figures. Ambient PM pollution is considered a potential risk factor for platelet activation and atherosclerosis [121, 122] and has been found to be linked with changes in the heart rate variability [123, 124] as a marker of cardiac autonomic dysfunction, and an increased risk for mortality and hospital admissions due to CVD [125] [126] [127] [128] .
On the other hand, the 6 remaining middle-eastern countries (Egypt, Jordan, Kuwait, Lebanon, Syria and Turkey) disclose a shortfall in reporting any associations between PM and cardiovascular diseases. Urban outdoor air pollution is an inter-sectorial challenge.
Major improvements in the air quality in the developed countries have occurred over the recent decades. There have been substantial achievements with respect to PM emissions in Europe. Between 2001 and 2010, direct emissions of PM 10 and PM 2.5 decreased by 14% in the European Union [129] .
Being aware of the great contribution of road transport emissions to around 25% to 70% of the urban outdoor air pollution, depending on the city, many parts of Europe have enforced stricter standards and regulations for motor vehicles, such as substituting old vehicles by newer ones with more efficient engines, and using cleaner fuels [130] .
With an objective to protect health of the USA population, the regulatory U.S. Environmental Protection Agency (EPA), which focuses on reducing air pollution at its many sources, particularly those exceeding the standards like ozone and PM, has set national Ambient Air Quality Standards (NAAQS) for pollutants [131] . Furthermore, the American Heart Association Scientific Statement on air pollution and cardiovascular disease has recommended the use of a daily Air Quality Index (AQI) to reduce exposure in persons with CVD [6] . Despite all found that 307 667 health-care facility visits due to CVD in 2008 were attributed to the outdoor daily average PM 10 with a relative risk of 1.003 (95% CI: 1.0024-1.0036) [112] .
The results of annual PM 10 concentrations, main sources of the outdoor air pollution and the presence of association with CVD in selected countries in the Middle East are reviewed in Table 1 .
DISCUSSION
The current review summarizes atmospheric PM levels and the major sources of air pollution affecting environment in the selected countries of the Middle East, and it highlights their potential association with CVD. ). This could be explained by several factors such as: high population density, rapid urbanization, dense traffic area, fossil fuel use, geographical settings of the region, frequent dusts outbreaks, temperature inversion during cold seasons, and the lack of rules and regulations concerning the reduction of emissions from anthropogenic (mobile and stationary) pollution sources. As in many developing countries, traffic-related air pollution (TRAP) constitutes a primary anthropogenic source of air pollution affecting urban air quality in the Middle East. Some studies have estimated the contribution of TRAP to PM concentrations to be more than 50% in urban areas [113, 114] . In fact, vehicle-induced emissions constitute a growing problem in this region due to the increase in traffic volume in the last decades [45, 68, 80, 81, 83, 115, 116] and a large number of old vehicles combined with poor vehicle maintenance [117] . High levels of PM constitute a major public health concern in the affected countries and in the Middle East. Studies from some developed countries have highlighted a strong association of air pollution with long-and shortcardiovascular morbidity and mortality [18, [118] [119] [120] . Consistently with this study findings, 4 middle-eastern IJOMEH 2015;28(4) 651 in reporting inaccurate PM levels for the whole geographical area. Furthermore, there are no national strategies in the Middle East countries aiming at assessment of the effect of air quality on the citizens' health. Another restraint of the study is the limited number of studies investigating association between PM and CVD in the Middle East countries despite yielding high pollutant concentrations. We restricted our electronic database search to English literature, which might have failed to identify the grey literature, especially taking into consideration the fact that the native language of the majority of the population in this geographical region is Arabic. This has possibly excluded relevant eligible studies from our search. Moreover, we should mention publications bias -the tendency for manuscripts with positive findings to be published more frequently than those with null findings. Last but not least, the biases and confounding factors inherent in the individual studies could not be controlled for and must be taken into consideration. Hence, future research probing the relationship between PM and CVD should attempt to overcome the limitations noted above. Moreover, study designs should be conducted to ascertain the causality of this relationship as well as the dose-response relationship and the biological mechanisms that link PM to cardiovascular diseases.
CONCLUSIONS
To our knowledge, this is the 1st review article carried out to investigate the presence of association between particulate matter (PM) and CVD in selected countries of the Middle East region. Despite the fact that our study revealed high levels of PM in the majority of this geographical areas, we only managed to uncovered 4 studies exploring detrimental PM-CVD relationship. Therefore, future studies should weigh the potential impact of PM on the overall burden of cardiac diseases. These findings have several important public health implications. Improving air quality standards, reducing personal exposures as well as the redesign of engines and fuel these pronounced improvements in the air quality, the levels of outdoor air pollution continue to rise in the cities of the developed countries harming human health and the environment. In fact, high PM levels, exceeding the WHO recommendations on air quality guidelines, are still affecting a high proportion of European citizens posing a great health risk and affecting the quality of their life [130] . This review highlights the importance of developing a new control strategy to improve air quality and to reduce the outdoor air pollution which affects everyone, not only in the developed nations but also in the developing countries, particularly in the Middle East. Apart from the absence of any legislation that would punish polluters in this region, insufficient effort is made to implement convenient and practical alternative solutions for the outdoor air pollution due to human activities. Considerable attention should be paid to the future expansion of towns and cities and related to it industrial emission sources, i.e., the absolute increase of motor vehicles on the road and its poor technical specification that does not comply with the latest international standards, the extensive use of poor quality fuel and inappropriate combustion activities. Moreover, there is often lack of awareness and educational programs concerning health burden of the outdoor air pollution exposure within urban populations. This could be partly due to a gap in information regarding air quality monitoring that is restricted to certain areas in the Middle Eastern countries, or even due to an under-appreciation of the potential solutions and measures that can be taken to improve the quality of air. Controlling or reducing anthropogenic sources of the outdoor air pollution would help clean the air we breathe, as well as minimize its health burden in the whole population. 120.48 [66] vehicle emissions, temperature inversion in cold seasons [60] potential impact of PM on platelet activation and atherosclerosis [64] changes in the heart rate variability as a marker of cardiac autonomic dysfunction in the polluted air conditions [65] on average, 1 367 extra total deaths and 2 580 extra cases admitted to hospitals due to CVD annually were attributable to an increase by 10 μg/m 1072-80.
Limitations of the study
